Through various levels of government, the U.S. spends a considerable sum subsidizing housing, as much as $25 billion in budget outlays on an annualized basis. [Quigley (2000) ] These subsidies include both direct provision of housing services through public housing, and voucher programs that aim to shoulder a portion of the cost of privately provided housing, such as Section 8 housing assistance.
The implicit rationale underlying both of these programs is that, in the absence of government intervention, poor people would consume inadequate amounts of housing, either because the market would deliver too little that was sufficiently affordable or poor people would choose to consume too much other goods. [Olsen (2001)] In spite of the large expenditures on these programs, it is far from obvious whether they have any effect on whether families have their own housing units. It is possible, instead, that these programs simply transfer resources to families that would be housed even in the programs' absence. If so, one might regard the programs as wasteful and ineffectual, although such a conclusion would not necessarily follow as subsidies might allow households to occupy better housing units. In this paper we ask whether low-income housing subsidies satisfy a simple sufficient condition for effectuality: do they increase the number of families housed in their own units or do they simply crowd-out privately-provided lowincome housing? In particular, if subsidized housing raises the quantity of occupied housing units per capita, either more people are finding housing or they are being housed less densely.
Using cross-sectional data on total housing, subsidized housing, and population (and other demand shifters) in 22,901 Census designated places, we find neither complete crowd out, nor that subsidized housing is all net new. We estimate that an additional subsidized unit raises the total number of units in a place by between 0.25 and 0.375 units. Lending credibility to the estimates, we find that crowd out is smaller in markets with more excess demand for the existing public and subsidized housing stock, measured as the number of families eligible for subsidized housing per existing unit.
The impact of either public or subsidized housing on the long-run housing stock depends on the way that the housing is allocated to families. If a public unit or a voucher for use toward a privately supplied unit is awarded to a family that would otherwise not have purchased its own housing services, then the unit will be a net addition to housing consumed and no crowd out will occur. Remaining demand for private housing will not decline and in the case of a voucher an additional private unit will be built to replace the one rented by the subsidized family, presuming the long run supply of low income housing is elastic. On the other hand, if the public or subsidized unit is awarded to a family that would have purchased housing services in the absence of the program, then the program may have little effect on the quantity of housing consumed. Indeed, consistent with their reported goals, voucher and certificate-based programs seem to be doing a better job of targeting families who would not otherwise consume their own unit. An additional housing unit provided through this mechanism yields 0.7 units of net new housing while project-based housing generates less than 0.3 units of net new housing. If the goal of low-income housing programs is to house families that would otherwise not have their own units, then resources should be targeted to places with more eligible families relative to the existing stock of government-financed units or distributed through programs with sufficient flexibility to allocate the subsidies to the neediest families.
Our inquiry is related to two strands of existing research. First, this is one of many studies of whether government programs crowd out private activity. To name but a few, other recent studies on this basic topic include Cutler and Gruber (1996) , on whether public insurance crowds out private insurance, and Berry and Waldfogel (1999) , on whether public radio broadcasting crowds out commercial broadcasting. Two studies by Murray (1983 Murray ( , 1999 examine how public housing crowd outs housing construction and the private housing stock.
1 Susin (forthcoming) finds that rent vouchers lead to substantially higher rents for unsubsidized low-income units. He attributes this result to higher voucher-driven demand in the low-income segment of the housing market combined with a low elasticity of supply of such housing. A low supply elasticity would imply that voucher units would substantially crowd out privately-provided low-income units, although Susin does not test that proposition and does not look at housing quantities. The second strand of research relating to this study is the literature on the value of housing subsidies to their recipients. Studies such as Olsen (2000), Barton and Olsen (1983) , Murray (1978) , and Currie and Yelowitz (2000) attempt to measure various benefits of subsidized housing at the family level. The focus of our study is instead on market-level equilibrium. Using cross sectional data that we presume describe a long run equilibrium, we ask how the equilibrium in the private housing market responds to the extent of subsidized housing in a market.
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This paper proceeds in four sections. First, we review the basic low-income housing subsidies and lay out a simple framework for analyzing their effect. Second, we describe the data used in the study. Third, we present evidence on the impact of public and subsidized housing on overall housing consumption. A brief conclusion follows.
1 Murray (1999) estimates a vector autoregression on 27 years of the stock of public and private housing units. He concludes that public housing units added to the total housing stock but moderate income subsidies did not. Murray (1983) estimates a time series model on housing starts. 2 Since it takes some time for the private housing market to fully respond, we believe an equilibrium analysis, rather than a time series analysis, is most appropriate.
I. Background and Mechanisms

Program Background
Housing subsidy programs fall into two basic categories: project-based and tenant-based.
Project-based programs, such as public housing and Section 236, supply public housing units. Tenantbased programs, such as the Section 8 certificate and voucher program, give recipients a form of assistance to pay for some or all of the rent for a private unit. While in many ways quite different, these programs share the essential feature that program administrators ration access to the program's housing.
That is, certain criteria must be met to be eligible for public housing, but not all eligible families receive public housing, and the most poorly housed families do not necessarily receive priority for public housing. The key question for how both programs affect housing market equilibrium is whether the families awarded housing under the programs would have dwelt in their own units in the absence of the programs.
Public housing is not necessarily free housing. A family that meets the eligibility criteria still needs to pay some rent, with an amount typically defined as a percent of family income. The primary programs through which HUD provides public or subsidized housing all require such a tenant To receive a public or subsidized unit, one must satisfy a fairly complicated set of eligibility criteria and also be selected from within the pool of eligible applicants. The primary restriction on eligibility is income. A family of four can earn no more than 80 percent of their area's median income to be eligible. 8 In recent years, Congress has enacted preferences for "very low income" families: to be so classified, a family of four must have an income less than 50 percent of the median. 9 Choosing which families from the large pool of eligibles would receive public housing is up to each of the approximately 3400 local public housing authorities though preference is typically given to the elderly, people living in "substandard" housing, and those paying more than 50 percent of their income as rent. [Olsen (2001)]
Policy Mechanism
At face the programs that operate through increasing the supply of housing (such as public and Indian housing, as well as some parts of Section 8) would appear to affect the housing market differently than the programs such as Section 8 Certificates and Vouchers, that operate on the demand side. Yet, all of these programs share an important feature: administrators choose how to allocate housing to eligibles, leaving the remainder of the (private) market to equilibrate. 10 The process of allocating housing units (or vouchers, as we shall see below) provides the demand management that determines the equilibrium impact of the program.
It is instructive to consider the effects of the two basic kinds of housing programs using simple supply and demand analysis. We first consider publicly provided housing. Publicly provided units are public supply. When they are built they shift aggregate housing supply out. If prices adjust so that markets clear, then the number of units consumed will initially rise by the number of public units made available. How the public units are allocated, however, determines whether in the long run they raise housing consumption. Suppose that each new public housing unit is allocated to a family that was formerly unable to purchase housing and was sharing a unit with another family. Then the public housing policy provides new demand and supply. The unit occupied by the recipient family represents a transaction that would otherwise not have occurred. This transaction, however, has no effect on the private market. Because the family would not have purchased housing in the private market, private demand is not reduced. Because the new supply is rationed only to families with no private demand, the This would reduce the private demand for units by one, and the supply of private housing would ultimately fall, but not by a full unit; and the new equilibrium would also entail lower rents. Similarly, a voucher given to an already-housed family would have no net effect on the aggregate number of housing units. A voucher allocated to an unhoused family would lead to a partial, but not one-for-one, increase in the number of units, along with a new equilibrium with higher rents.
Recent research [Susin (forthcoming) ] presents evidence that the long-run housing supply elasticity is low. While we cannot resolve the housing supply elasticity question in this paper, two points are in order. First, the possibility of inelastic supply shrinks the possible effect of subsidies on housing consumption and thus makes any effect more difficult to identify. Second, a low supply elasticity implies that housing consumption should respond differentially to vouchers vs. public housing. If supply is inelastic, then voucher policies which directly stimulate only demand should have smaller effects on quantity than public housing programs which (unless they are accompanied by demolition) stimulate both supply and demand. As we will see in the empirical section, vouchers have bigger effects on consumption than public housing, consistent with relatively elastic long run supply.
Our schematic description leaves out a few important features of the housing market. First, we are focusing on units. Even if a public housing program has no effect on the number of units in the stock, it may affect the quality of units consumed. Second, a public housing program may affect where recipients choose to live in potentially beneficial ways. [Katz et al (2001) ] Finally, we are abstracting from the income transfer portion of the program. Rent subsidies, even to people who would have rented their own unit in the absence of the program, is one way of transferring income to the needy.
Public or subsidized housing may provide a way for families with high rent burdens to reduce the quality of low income housing could increase without any apparent change in the number of units.
proportion of their incomes they devote to housing, even if they are already housed. In addition, if public housing is suitably stigmatized it may be an optimal way of identifying valid recipients of public assistance. [Nichols and Zeckhauser (1982) ]
II. Data
The ideal unit of observation for our study would be a market area. That is, we are trying to ascertain the impact of public housing on total housing. A narrow geographic unit, for example a census tract, would be inappropriate as a unit of observation for our study because the private housing built in the adjustment to the new equilibrium following the introduction of subsidized housing would likely be outside the tract. The data we employ for this study is a cross section of 22,901 Census designated places. Places are political units such as cities and towns.
12 By using places, we are implicitly assuming that the private market adjustment to the low-income housing programs occurs inside of the political jurisdictions where the subsidized housing is located. As we document below, much of the public and subsidized housing is located in large, urban places, suggesting that our treatment of places as markets is reasonable.
Our basic cross section matches data on total housing stock, population, and other demand determinants in each Census place from the 1990 decennial Census with data on the number of public and subsidized housing units, also by Census place, for 1996 from HUD's "A Picture of Subsidized Households -1996." The HUD data set reports project-and housing authority-level data that we aggregated up to the Census place level. While the timing of the matches between the public housing and the Census data is imperfect, it is the best we could obtain. 13 In addition, we have earlier 1977
HUD data, as well as 1980 Census data which we use to create instruments, as we outline below. Public housing is disproportionately concentrated in large places. As table 3 shows, 93.5 percent of public and subsidized housing is located in the top 25 percent of markets, while these markets contain 88.1 percent of total housing and 88.6 percent of the population. The top percentile of places contains just over half the public and subsidized housing in the U.S. The same places contain just over a third of the population and total housing units. Indeed, the top 20 markets, listed in table 4, together include 22 percent of public and subsidized housing. New York City alone has a quarter of a million public or subsidized units, about 7.5 percent of the national total.
housing units but few permanent residents, out of the sample.
III. Empirical Strategy and Results
Our empirical approach is to ask whether markets with more public housing have more total housing units, after accounting for other potential determinants of the number of housing units. If places with more public housing units do not have more total housing units than they would have in the absence of public housing, we can conclude that public housing does not increase the housing stock and must have crowded out private provision of low-income housing. If places with more public housing units have a greater number of total housing units, all else equal, some public housing must be net new. We recognize the possibility that public and subsidizing housing units may be endogenous, so we also employ an instrumental variables strategy that we describe below.
To measure the impact of low-income housing policy on the private housing market equilibrium, we first regress the quantity of public and subsidized housing in a place on the total quantity of housing in the place. Because the places differ enormously in size, we run the regressions in per capita terms, weighting using population. This cross sectional strategy assumes private housing markets are in equilibrium. That is, the private housing stock must have fully adjusted to the presence of public housing. If public housing has been constructed or vouchers funded recently, the private market may not have had time to respond, biasing our results. 14 For example, in the short run, building a public unit must increase the housing stock by one unit since no private units have been removed from the housing stock. Similarly, allocating a new voucher would have no effect on total housing in the short run since private developers would not yet have had the opportunity or time to build anew. These outcomes would make public housing look very efficient and vouchers look like they had no effect on housing consumption, even if in the long run the private housing market would have fully responded.
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To surmount this potential problem, we use the total occupied housing stock per capita as our left-hand-side variable. If a new public housing unit is allocated to someone who would have consumed a housing unit anyway, it will have no effect on the aggregate occupied housing stock. However, if it induces someone to move away from sharing a unit to living on their own, it will increase the number of occupied units. Similarly, we use occupied public and subsidized housing units per capita as our independent variable. 16 Using the total housing stock, rather than just occupied, yields very similar results.
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The results are reported in table 5. Specification one includes the distribution of race, the distribution of age across 12 categories, the distribution of family income across 25 categories, and the median family income as controls. The second specification adds state fixed effects to control for possible unobserved heterogeneity. The crowd-out effects are then identified from differences in public housing in places within the same state. The coefficient on total public and subsidized housing per capita varies from around 0.27 to about 0.37, and is large relative to its standard error. We can clearly reject both that the coefficient is zero and that it is one. Thus, the full sample estimates are inconsistent with both full and zero crowd out, suggesting instead that three additional public or subsidized units add one unit to the aggregate stock, crowding out about two private units. The controls explain a significant fraction of the cross-sectional variance in occupied housing units per capita, almost 80 percent. 15 In fact, Murray (1999) finds the aforementioned pattern, suggesting that his time series analysis may be picking up a short-run effect. 16 HUD reports occupancy rates only for public housing. HUD points out that the other forms of housing assistance are more-or-less fully occupied and reports the data accordingly. Whether we use occupied or total public housing is inconsequential.
Because public housing is skewed toward large places, we re-estimate the equations for each quartile of places, ranked by population. Columns one and two of table 6 replicate the specifications in 
Crowd Out and the Pressure on Public and Subsidized Housing
Since public housing crowds out privately provided low income housing only to the degree that the recipients of the subsidy did not really need it to obtain a unit, one might expect that public housing will be more efficient in places where there is more excess demand for it. That is, we expect the extent of crowd-out that our approach measures to be smaller in markets with greater pressure on the public and subsidized housing supply. (Finding this pattern will also lend additional credence to our estimation approach). 17 The standard errors are comparable and the point estimates on the public housing variable varies by about 0.10. 18 Since we have data on public housing in 1977 -tenant-based programs did not yet exist -we could run an analogous set of regressions for crowd out in 1980. When we do so, the results are economically and statistically similar.
We proxy for the level of demand pressure for public housing with the number of eligible recipients relative to the existing public housing supply. 19 According to public and subsidized housing eligibility rules, a family of four is eligible only if its income falls short of 50 percent of the local family median income. 20 Using Census data on the number of families in each of the 25 income cells, we compute rough numbers of eligible families per Census place. We then calculate an index which is the number of total public and subsidized units per eligible family. For markets where this index is small, the pressure on public housing is greater. We allow the extent of crowd out to differ across places according to the amount of pressure on public housing by adding an interaction of public and subsidized housing per capita with the index. 21 A higher value of the index indicates less pressure on public and subsidized housing. Because we expect more crowding out where there is less pressure on the government-supported low-income housing stock, we expect a negative coefficient on the interaction term. Table 7 reports the estimated coefficients on public and subsidized housing per capita, demand "pressure" on public housing, and the interaction of the two. The specifications mirror those in table 5.
The coefficients on public housing per capita vary between about 0.38 and 0.51, and the coefficients on the interaction term are uniformly negative. All are very precisely estimated. 22 The middle three rows of the table report estimates of the effect adding one more unit of public and subsidized housing would 19 One could imagine using the length of the waiting list or the local eligibility rules for this purpose. However, waiting lists are poorly measured and are capped and eligibility rules vary by public housing authority and are difficult to obtain. [Olsen (2001) places with little public housing per eligible family (high pressure), an additional public or subsidized unit raises total housing by 0.49 units. At a place with the median value of the index, the effect falls to 0.47.
In places with relatively plentiful public housing relative to the eligible population, the effect drops to 0.44. These estimates show that public housing has a greater effect on total housing -and therefore whether families occupy their own housing units -in places with relatively little public housing. We interpret this to mean that in places with relatively more public housing, the marginal recipient family would have been more likely to occupy a (private) unit in the absence of the housing policy.
Project-based versus tenant-based assistance
While to this point we have treated project-based and tenant-based assistance as having similar effects on the private housing stock, that need not be the case. Since U.S. policy is moving away from project-based public housing towards more tenant-based assistance [Quigley (2000) ], it would be worthwhile to determine whether vouchers and certificates lead to more or less net new housing than do project-based public housing programs.
Separately identifying the crowd-out effects of project-and tenant-based programs could also shed additional light on the believability of our results. A priori, one would not necessarily expect any differential crowd-out effect between the two types of programs. If there are differences in eligibility, however, the program that is more targeted towards families that otherwise would not be housed should exhibit less crowd-out. Olsen (2001) claims that vouchers and certificates are given to more needy recipients than project-based housing since administrators want to avoid concentrations of poverty in housing projects. 23 If this claim is true, we should see tenant-based programs generating more net new housing than public housing. On the other hand, if the housing markets were not truly in equilibrium or long-run supply were not fully elastic, we would expect to find that public housing creates more net new housing since it actually constructs new units. Certificates and vouchers would have little-to-no effect on the total housing stock since they are merely reallocating an existing unit. 
Instrumental Variables
Our empirical strategy thus far allows inference about the effect of public and subsidized housing on total housing if the variation in total public housing were exogenous. If public and subsidized housing is located in markets for reasons related to unobserved determinants of total housing, then ordinary least squares (and other such approaches) will yield biased estimates of the effect of public and subsidized housing on the private housing market equilibrium.
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As we pointed out earlier, almost all public housing in the US was built prior to the late 1980s.
It seems likely that public housing, when first erected, was placed in its locations for reasons related to the demand for housing. However, if the reasons for locating public housing change over time (i.e. so that if public housing were built today from scratch, its distribution across markets would be different), then it will be reasonable to view the quantities of public housing as exogenous.
The quantity of section 8 certificates and vouchers is another matter, since it did not exist in the late 1970s. However, the budget rules that determine the funding for each locality, and thus the number of public housing units or vouchers it can provide, is set by statute. The current budgeting rules start with the level of appropriations allocated by Congress for a given year. From that, anything previously agreed to or that needs ongoing spending must be paid. Second, HUD pays for anything Congress specially asks for. Finally, the remainder is divided among allocation areas according a score that is determined by the area's proportion of the national total of: (a) the renter population (20 percent Of these rules, we deem a portion of rule (e) to be reasonably exogenous. Accordingly, we will instrument with the number of rental units in the Census place built before 1940. Presumably the number of impoverished may be endogenous so we leave that portion of the budget rule out of our instrument set.
We reestimate our base specifications, first employing both instruments: the number of public Instrumenting seems to increase the measured crowd-out relative to table 5. The estimated coefficient on the total occupied public and subsidized units drops by 75 percent (from its value in table 5) to 0.067 (0.024). This implies that an additional public unit has almost no effect on the total housing stock. When we add state fixed effects, the coefficient increases from its While our instruments are not enormously successful, our IV results provide support for our basic OLS and fixed effects estimates showing that low-income housing subsidies increase housing consumption. For two reasons, we believe that the IV results provide a lower-bound on the true net effect of housing subsidies on aggregate housing units. First, especially in columns (3) and (4), our instrument mainly reflects the amount of public housing in an area. Because vouchers may not be allocated in the same manner as public housing is distributed, the IV estimates are best compared to the estimates of the effect of project-level assistance on total housing, which we document in table 8 to be much smaller than the effect of tenant-level assistance. Viewed that way, the IV estimates are not so different from the OLS results, although they are still smaller. Second, a plausible kind of possible endogeneity in our 1980 public housing unit instrument will tend to drive our IV results toward zero.
Suppose that public housing units were allocated in greater amounts where they were most necessary, for example in places where there are too few units per capita. If the need for public housing were persistent enough that the 1977 distribution were not completely exogenous in the 1990s, there would be more public housing in places with less private-market housing, which would appear in these estimates as larger crowd-out, or little net program effect on total housing units.
IV. Conclusion
A simple but natural test for public housing programs is whether they allow families that would otherwise not have, to occupy their own housing units. Given equilibrium housing market responses to government programs, it is by no means obvious that programs that place families into their own housing units will raise the total number of families occupying units. The effect of such programs depends crucially on whether recipient families would have occupied their own units in the absence of the programs.
We provide a simple evaluation of this question. We ask whether places with more public and subsidized housing also have more total housing, after accounting for housing demand. We find that government-financed units raise the total number of units, although on average three governmentsubsidized units displace two units that would otherwise have been provided by the private market.
There is less crowd out in more populous markets, and less crowd out in places where excess demand for public housing is higher because there are fewer government-financed units per eligible person.
Tenant-based housing programs seem to be more efficient at providing housing units to people who otherwise would not have their own. These results remain even with sensible instruments.
We take these results to be an indication of a positive real effect of low-income housing subsidies. Because we observe an aggregate increase in the number of units, the programs do not merely redistribute the same housing among the population. These results are also sufficient (though not necessary) for the program to have a real economic impact. Alternative effects of public and subsidized housing programs would make our results more difficult to find -such as subsidies affecting equilibrium rents rather than quantities of housing consumed -and often further support our conclusion of a real benefit. For example, subsidized housing may also improve the quality of housing consumed and, since it is also an income transfer, it may raise non-housing consumption.
However, much work remains. Public provision of housing is typically quite costly. [Olsen (2000)] In addition, Susin (forthcoming) points out that if vouchers lead to higher market rents, on net the programs might transfer income from tenants to landlords. The rudimentary measure of housing consumption we examine here, the number of units consumed, is insufficient to determine whether public housing programs are the most efficient way of subsidizing low income housing or targeting low-income families for financial assistance. All of the factors mentioned above would need to be weighed when determining whether the government should provide a private good, such as housing. The omitted race category is "white." The "other" covariates that are included but not reported are: the income distribution across 24 categories, the age distribution across 12 categories, and the median family income. Notes: Left-hand-side variable is total occupied housing per capita. Standard errors are in parentheses. There are 22,870 observations, each is a Census-designated place. Regressions are weighted by population. All regressions also include controls for the age and income distributions, and the median family income. The omitted race category is "white." Notes: Left-hand-side variable is total occupied housing per capita. Standard errors are in parentheses. There are There are 21,235 observations in columns (1), (2), (5) and (6), and 22,870 in colums (3) and (4). Each is a Census-designated place. Regressions are weighted by population. All regressions also include controls for the age and income distributions, and the median family income. The omitted race category is "white." Total public and subsidized housing units per capita is an endogenous variable in these regressions and the variables at the top of the columns are added to the instrument set. (3) and (4), each is a Census-designated place. Regressions are weighted by population. All regressions also include controls for the age and income distributions, and the median family income. The omitted race category is "white."
